Aerosols Suppressing Precipitation

in the Sierra Nevada:
Results of the 2006 Winter Field Campaign



Suppression of Rain and Snow
by Urban and Industrial Air
Pollution

Daniel Rosenfeld

Direct evidence demonstrates that urban and industrial air pollution can com-
pletely shut off precipitation from clouds that have temperatures at their tops
of about —10°C over large areas. Satellite data reveal plumes of reduced cloud
particle size and suppressed precipitation originating from major urban areas
and from industrial facilities such as power plants. Measurements obtained by
the Tropical Rainfall Measuring Mission satellite reveal that both cloud droplet
coalescence and ice precipitation formation are inhibited in polluted clouds.
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Topographic cross section of the central Sierra Nevada showing the
effects of urban air pollution on precipitation as the clouds moves from
west to east across the mountains.
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Explicit 2D cloud simulations of cross section of the Sierra Nevada
Spatial distribution of accumulated rain
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Trends of orographic precipitation linked to the trends in aerosols

Rosenfeld and Givati, J. Applied Meteorology, 2006
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Western Portugal
Also found in:
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Cloud physics aircraft in clouds
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Cloud 1

CCN =~300-800 cm
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Cloud2 CCN=~100cm3
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Cloud 3
CCN=~40 cm3
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Cloud 3 2006 03 01 00:23 1900 m 0°C CCN =~40 cm™?



Cloud 3 2006 03 01 00:23 1900 m 0°C CCN =~40 cm™?
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Aerosol aircraft: 2006 03 01 01:03Z 900 m



2006 03 01 01:03Z 1500 m 3°C
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March 2, 2006, Blodgett, CA
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DSD LWC CDP 2006 March 2a a DSD LWC CDP CIP 2006 March 2a a
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Feb 7-28 and March 1-20, 2006, Blodgett, CA
average diurnal of CCN @ ~1%S
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Conclusions

1. Enhanced CCN aerosols is associated with smaller cloud drops
and deeper cloud depth for onset of rain in the cloud.
2. Cloud depth for onset of rain [m] = 4%CCN [cm™]
3. Enhanced CCN concentrations and precipitation suppression
are clearly linked to urban areas.
4. Clouds triggered at the Sierra foothills ingest the aerosols that
inhibit precipitation mostly in the afternoon and evening.
9. The solar control is suggested to occur by increasing the:
Vertical mixing of the aerosols;
Photochemical production of CCN;
Drying the boundary layer and greater cloud base updrafts
that nucleate more CCN into cloud drops.
6. The solar control is supported by greater observed suppressed
precipitation during spring compared to fall.



